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PHOTOVOLTAIC DEVICE 

CROSS-REFERENCE TO RELATED 
APPLICATION AND CLAIM OF PRIORTY 

This application claims priority to and the bene?t of 
Korean Patent Application No. 10-2005 -0129296 ?led in the 
Korean Intellectual Property O?ice on Dec. 26, 2005, the 
entire content of Which is incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

(a) Field of the Invention 
The present invention relates to a photovoltaic device. 

More particularly, the present invention relates to a photovol 
taic device that can improve ef?ciency by forming an organic 
buffer layer. 

(b) Description of the Related Art 
Photovoltaic devices that convert light signals into electri 

cal signals can be applied to diverse ?elds such as sensors and 
solar batteries. 

Since the photovoltaic devices are environment-friendly 
and have many advantages such as an in?nite energy source 
and long life-span, many researchers are studying about the 
photovoltaic devices. HoWever, since the photovoltaic 
devices are limited in improving their e?iciency, they have 
been dif?cult to commercialiZe. 

Diverse methods have been suggested to improve the pho 
tovoltaic ef?ciency. Among them is a method of forming a 
buffer layer of an inorganic chemical compound in a photo 
voltaic device. 

However, buffer layers suggested so far have a problem in 
that they improve the photovoltaic ef?ciency not suf?ciently 
and the formation of the buffer layers requires strict condi 
tions. 

To take an example, there is a method of forming a buffer 
layer of LiF, Which is an inorganic compound, in an organic 
solar cell. Since LiF is a non-electric conductor, a thick LiF 
buffer layer rather decreases the photovoltaic e?iciency of the 
organic solar cell. 

Buffer layers should be formed thinner than 10 A to 
improve the photovoltaic e?iciency. When a thickness of a 
buffer layer is thicker than 10 A by even a feW A, the e?i 
ciency of an organic solar cell is deteriorated. 

HoWever, it is substantially dif?cult to form a buffer layer 
uniformly in the thickness, and process conditions should be 
controlled strictly to form the uniform buffer layer thinner 
than 10 A. 

It is particularly dif?cult to form a buffer layer in a Wide 
area if the buffer layer is less than 10 A. Therefore, there is a 
problem in that the buffer layer is dif?cult to apply to a 
large-area organic solar cell. 

In addition, since it is substantially dif?cult to form the 
buffer layer in a uniform thickness, there is a problem in that 
a buffer layer of an uneven thickness may lead to uneven 
ef?ciency of the photovoltaic device. 

The above information disclosed in this Background sec 
tion is only for enhancement of understanding of the back 
ground of the invention and therefore it may contain infor 
mation that does not form the prior art that is already knoWn 
in this country to a person of ordinary skill in the art. 

SUMMARY OF THE INVENTION 

The present invention has been made in an effort to provide 
a photovoltaic device With improved photovoltaic e?iciency 
and a buffer layer that is prepared easily. 
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2 
One embodiment of the present invention provides a pho 

tovoltaic device that includes a ?rst electrode and a second 
electrode arranged opposite to the ?rst electrode, a photoac 
tive layer arranged betWeen the ?rst electrode and the second 
electrode, and a buffer layer arranged betWeen the photoac 
tive layer and the second electrode. The buffer layer includes 
a compound including an aromatic organic cation and an 
anion in a quantity ranging from about 30 Wt % to 100 Wt % 
With respect to the entire Weight of the buffer layer. 

Herein, the buffer layer includes a compound including an 
aromatic organic cation in a quantity ranging from 30 Wt % to 
100 Wt %, speci?cally from 50 Wt % to 100 Wt %, With respect 
to the entire Weight of the buffer layer. 
The buffer layer may further include an organic semicon 

ductor material. 
The compound may be doped With the organic semicon 

ductor material, and, preferably, 100 parts by Weight of the 
compound may be doped With less than 20 parts by Weight of 
the organic semiconductor material. 
The ?rst electrode may be a transparent electrode and the 

second electrode may be a metal electrode. 

The thickness of the buffer layer may be more than 10 A, 
and the thickness of the buffer layer may range from 20 A to 
100 A. 

BRIEF DESCRIPTION OF THE DRAWINGS 

A more complete appreciation of the present invention, and 
many of the above and other features and advantages of the 
present invention, Will be readily apparent as the same 
becomes better understood by reference to the folloWing 
detailed description When considered in conjunction With the 
accompanying draWings in Which like reference symbols 
indicate the same or similar components, Wherein: 

FIG. 1 is a partial cross-sectional vieW illustrating a pho 
tovoltaic device in accordance With an embodiment of the 
present invention; 

FIG. 2 is a graph shoWing voltage-current characteristics of 
organic solar batteries prepared in accordance With Examples 
1 to 4 and Comparative Examples 1 to 5; 

FIG. 3 is a graph shoWing voltage-current characteristics of 
organic solar batteries prepared in accordance With Example 
5 and Comparative Examples 1 to 2; and 

FIG. 4 is a graph shoWing voltage-current characteristics of 
organic solar batteries prepared in accordance With Examples 
3 and 5 to 7, and Comparative Example 2. 

DETAILED DESCRIPTION OF THE INVENTION 

Hereinafter, embodiments of the present invention Will be 
described in detail With reference to the accompanying draW 
ings. 

FIG. 1 is a partial cross-sectional vieW illustrating a pho 
tovoltaic device in accordance With an embodiment of the 
present invention. 
The photovoltaic device includes a ?rst electrode 12 dis 

posed on a transparent substrate 10, Which is formed of glass 
or a plastic, a photoactive layer 14, a buffer layer 16, and a 
second electrode 18, Which are sequentially disposed therein. 
The photovoltaic device may be applied to various types of 

apparatuses, such as a solar cell, Which absorb solar light and 
convert the light energy into electrical energy. 
The ?rst electrode 12 is formed of a material having a high 

Work function. Speci?cally, the ?rst electrode 12 may be 
formed of a transparent material through Which light can 
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penetrate. Examples of the transparent material include 
indium tin oxide (ITO), ?uorine tin oxide (FTO), and indium 
Zinc oxide (IZO). 

The second electrode 18 may be formed of a metal having 
a loW Work function. 

The second electrode 18 may be formed to be a single layer 
formed of Al, Ca, or Ag. Otherwise, the second electrode 18 
may be formed to be a stack of multiple layers each formed of 
a different metal. 

The photoactive layer 14 formed on the ?rst electrode 12 
includes an electron donor material and an electron acceptor 
material. 
An additional layer (not shoWn) may be formed betWeen 

the ?rst electrode 12 and the photoactive layer 14. The addi 
tional layer may be formed of a mixture of polyethylene 
dioxythiophene (PEDOT) and poly(styrenesulfonate) (PSS). 

The photoactive layer 14 may be prepared by forming 
heterojunctions betWeen the electron donor material and the 
electron acceptor material, or it may be formed to be a multi 
layer having a layer including the electron donor material and 
a layer including the electron acceptor material. 

The electron donor material may be a semiconductor poly 
mer having high optical absorbance, an organic monomol 
ecule material, or a semiconductor particulate. 

Examples of the semiconductor polymer include polyphe 
nylene vinylene (PPV), polythiophene (PT), poly(3 -hexylth 
iophene) (P3HT), and poly(2-methoxy-5-(3',7'-dimethyloc 
tyloxy)-l,4-phenylene vinylene (MOMD-PPV). Examples 
of the monomolecule material include phthalocyanine-based 
materials such as copper pthalocyanine (CuPc) and Zinc ptha 
locyanine (ZnPc). The semiconductor particulates include a 
single substance semiconductor such as silicon, a metal 
oxide, and a perovskite composite metal oxide. More speci? 
cally, the semiconductor particulates include Si, TiO2, SnO2, 
ZnO, WO3, Nb2O5, TiSrO3, and so on. According to one 
embodiment, an anatase (TiO2) may be used. 

The electron acceptor material may be fullerene (C60) hav 
ing a high electron af?nity, derivatives of fullerene such as 
PCBM ([6,6] -phenyl C6l-butyric acid methyl ester), 
perylene, or photosensitive dye molecules. 

Generally, fullerene may be used as a fullerene-polymer 
composite, or it may be applied to a multi-layer structure. 

The photoactive layer 14 may be formed by diverse meth 
ods such as spin coating, ink-j et printing, and screen printing. 
A buffer layer 1 6 is arranged betWeen the photoactive layer 

14 and the second electrode 18. 
The buffer layer 16 may include a compound including an 

aromatic organic cation. 
The compound including the aromatic organic cation may 

be a compound including a benZene ring. 
The aromatic organic cation may be expressed as Chemical 

Formula 1. 

+ (1) 

X2 0 X1 

Rb / 

Ra 

In Chemical Formula 1, X, and X2 are NRCRd, Where RC 
and Rd are the same or each of them is independently selected 
from the group consisting of H and an alkyl group; Ra is one 
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4 
selected from the group consisting of H, an alkyl group, a 
substituted aryl group, and an unsubstituted aryl group; and 
Rb Is H or an alkyl group. 
The aryl may be a benZene group, and the substituent of the 

substituted aryl group may be at least one selected from the 
group consisting of an ester group, a carboxyl group, a car 
bonyl group, and an alkyl group. 

In the present speci?cation, an alkyl group preferably 
includes 1 to 20 carbon atoms and an aryl group includes 6 to 
20 carbon atoms. 

The aromatic organic cation may be one among pyronine 
B, pyronine Y, rhodamine 4G, rhodamine 6G, rhodamine 
3GO, rhodamine B, ethyl rhodamine B, and butyl rhodamine 
B. In the above Chemical Formula 1, the aromatic organic 
cation becomes pyronine B WhenXl and X2 are N(C2H5)2 and 
Ra and Rb are H. In Chemical Formula 1, the aromatic organic 
cation becomes pyronineY When X 1 and X2 are N(CH3 )2, and 
Ra and Rb are H. In Chemical Formula 1, the aromatic organic 
cation becomes rhodamine 4G When X 1 and X2 are N(C2H5)2 
and NHC2H5, respectively, and Ra and Rh are 
C6H4COOC2H5 and H, respectively. In Chemical Formula 1, 
the aromatic organic cation becomes rhodamine 6G When X1 
and X2 are NHC2H5, and Ra and Rb are C6H4COOC2H5 and 
H, respectively. In Chemical Formula 1, the aromatic organic 
cation becomes rhodamine 3GO When X l and X2 are 
N(C2H5)2 and NH2, respectively, and Ra and Rb are 
C6H4COOC2H5 and CH3, respectively. In Chemical Formula 
1 , the aromatic organic cationbecomes rhodamine B When X 1 

and X2 are N(C2H5)2, and Ra and Rb are C6H4COOH and H, 
respectively. In Chemical Formula 1, the aromatic organic 
cation becomes ethyl rhodamine B When X1 and X2 are 
N(C2H5)2, and Ra and Rh are C6H4COOC2H5 and H, respec 
tively. In Chemical Formula 1, the aromatic organic cation 
becomes butyl rhodamine B When X1 and X2 are N(C2H5)2, 
and Ra and Rb are C6H4COOC4H9 and H, respectively. 
The anion of the compound including the aromatic organic 

cation may be C1- or N03‘. 
Since the compound used in the buffer layer 16 includes an 

aromatic organic cation and an anion in the present invention, 
a dipole moment is formed betWeen the photoactive layer 14 
and the second electrode 18 to thereby loWer an electron 
entering barrier. Thus, electrons can be transferred easily and 
this leads to improvement in the ef?ciency of a photovoltaic 
device. 

To maximiZe the ef?ciency improvement, the buffer layer 
16 may include the compound in the range of 30 Wt % to 100 
Wt %, and preferably 50 Wt % to 100 Wt % With respect to the 
entire Weight of the buffer layer 16. 

In other Words, the buffer layer 16 may be formed only of 
the compound or it may additionally include a material other 
than the compound. 
The additional material included in the buffer layer 16 may 

be an organic semiconductor material. The compound may be 
doped With the semiconductor material in the buffer layer 1 6. 
The ef?ciency of the photovoltaic device can be improved 

by letting the organic semiconductor material easily transfer 
only one of electrons and holes that are formed by solar light. 

To maximize the e?iciency, 100 parts by Weight of the 
compound may be doped With less than 20 parts by Weight of 
the organic semiconductor material. 

The organic semiconductor material may be an n-type 
organic semiconductor material, and the n-type organic semi 
conductor material may be any one selected from the group 
consisting of fullerene (C60) and materials expressed in 
Chemical Formulas 2 to 31. 
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-continued 

F F F F F F 

H 

F F F F F F 

(25) 

(26) 

Q o 

v 

In the above Chemical Formulas 2 to 31, R1 to R4, R23, and 
R24 are the same or independently selected from ?uoroalkyl 
groups, and R5 to R22, R25, and R26 are the same or indepen 
dently selected from alkyl groups. Also, n, m, l, p, q, u, V, and 
y denote polymerization degrees, individually, and they may 
range from 1 to 100. 

In the present speci?cation, the ?uoroalkyl groups include 
1 to 20 carbon atoms. 

Herein, Rl to R4, R23, and R24 may be C6Fl3, R5 and R6 
may be C4139, While R15 to R2O may be C4H9. 

The buffer layer 16 may be formed by performing vacuum 
deposition, spin coating, ink-jet printing, or screen printing. 

HoWever, the present invention is not limited to the meth 
ods. 

When the buffer layer 16 is thinner than 10 A, it is dif?cult 
to form the buffer layer 16 in a uniform thickness. Therefore, 
it is desirable to form the buffer layer 16 equal to or thicker 
than 10 A. The buffer layer 1 6 may be more preferably formed 
in a thickness of 20 A to 100A to improve the ef?ciency of the 
photovoltaic device. 
As described above, since the buffer layer 16 has excellent 

photovoltaic ef?ciency When the buffer layer 16 is formed 
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thicker than a conventional buffer layer formed of LiF, the 
restriction on the thickness of the buffer layer 16 becomes 
minimized. 

Therefore, it is possible to improve the photovoltaic e?i 
ciency by forming the buffer layer under the conditions that 
are not severely strict and to thus fabricate a high-ef?ciency 
photovoltaic device a bit more easily. 

With this thickness, since it is not dif?cult to form a buffer 
layer in a uniform thickness, the photovoltaic device can 
uniformly maintain the ef?ciency in the entire surface. 
The photovoltaic device is applied to a solar cell, and an 

operation of the photovoltaic device in the solar cell Will be 
described hereinafter. 

When light, such as sunbeams, enters by penetrating 
through the transparent substrate 10 and the ?rst electrode 12, 
pairs of an electron and a hole are generated in an electron 
donor. The electrons and holes are separated from each other 
as the generated electrons transfer to an electron acceptor. 

An electron is separated from a hole by fast charge transfer 
betWeen the electron donor and the electron acceptor, Which 
is called Photo-induced Charge Transfer (PICT). 
The free electron and hole are inputted into the electrodes 

12 and 18 to thereby generate electrical energy. 
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An organic solar cell prepared as above is inexpensive and 
easily prepared due to the use of an organic material. Also, it 
can be formed in the form of a ?exible thin ?lm. 

However, the present invention should not be understood to 
be limited thereto. The buffer layer of the photovoltaic device, 
Which is suggested in the present invention, can be formed 
betWeen an electrode and a photoactive layer in other types of 
solar batteries and sensors. 

Herein, “formed betWeen” not only means that the buffer 
layer of the photovoltaic device is formed in contact With the 
electrode and the photoactive layer, but also that it is formed 
With another ?lm interposed betWeen them. 

Hereinafter, examples of the present invention and com 
parative examples Will be described. Although the present 
invention is described by taking an organic solar cell as an 
example in the folloWing examples, the present invention is 
not limited thereto. In short, the folloWing examples are only 
illustrative but not restrictive. 

EXAMPLE 1 

A layer Was formed of a mixture of polyethylene diox 
ythiophene and poly(styrene sulfonate) on a ?rst electrode 
formed of indium tin oxide. Then, a photoactive layer Was 
formed of poly(2-methoxy-5-(3',7'-dimethyloctyloxy)-1,4 
phenylenevinylene) and PCBM expressed as Chemical For 
mula 5 in a thickness of 700 A. 

Herein, the Weight ratio of poly(2-methoxy-5-(3',7'-dim 
ethyloctyloxy)-1,4-phenylenevinylene) to PCBM of the 
Chemical Formula 5 Was 1:2. 

Subsequently, a buffer layer Was formed of pyronine B, 
Which is a material of Chemical Formula 1 When X1 and X2 
are N(CH2CH3)2 and Ra and Rb are H, in a thickness of50 A, 
and a second electrode Was formed of Al in a thickness of 100 
A to thereby prepare an organic solar cell. 

The solar cell had dimensions of 1.4 mm in Width and 1.4 
mm in length. 

EXAMPLE 2 

An organic solar cell Was prepared in the same method as 
in Example 1, except that the buffer layer Was formed of 
pyronine B and a material of Chemical Formula 11, Which 
Will be referred to as NTCDA hereinafter, in the Weight ratio 
of 10:1. 

EXAMPLE 3 

An organic solar cell Was prepared in the same method as 
in Example 1, except that the buffer layer Was formed of 
pyronine B and NTCDA in the Weight ratio of 20: 1. 

EXAMPLE 4 

An organic solar cell Was prepared in the same method as 
in Example 1, except that the buffer layer Was formed of 
pyronine B and NTCDA in the Weight ratio of 40: 1. 

COMPARATIVE EXAMPLE 1 

An organic solar cell Was prepared in the same method as 
in Example 1, except that the buffer layer Was not formed. 

COMPARATIVE EXAMPLE 2 

An organic solar cell Was prepared in the same method as 
in Example 1, except that the buffer layer Was formed of LiF 
in a thickness of 5 A. 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

12 
COMPARATIVE EXAMPLE 3 

An organic solar cell Was prepared in the same method as 
in Example 1, except that the buffer layer Was formed of 
pyronine B and NTCDA in the Weight ratio of 1:3. 

COMPARATIVE EXAMPLE 4 

An organic solar cell Was prepared in the same method as 
in Example 1, except that the buffer layer Was formed of 
pyronine B and NTCDA in the Weight ratio of 1:20. 

COMPARATIVE EXAMPLE 5 

An organic solar cell Was prepared in the same method as 
in Example 1, except that the buffer layer Was formed of 
pyronine B and NTCDA in the Weight ratio of 1:40. 

Voltage (V) and current (I) characteristics of the organic 
solar batteries prepared according to Examples 1 to 4 and 
Comparative Examples 1 to 5 Were measured by radiating a 
light source of 7.42 mW/cm2 thereto. The results are pre 
sented in FIG. 2. 
As shoWn in FIG. 2, the organic solar batteries of Examples 

1 to 4 had excellent open voltage (V 06) and short-circuit 
current density (J56), compared to the organic solar cell of 
Comparative Example 1 Without a buffer layer. 

While the current-voltage characteristic graph of the 
organic solar cell of Comparative Example 1 Was almost a 
straight line, the current-voltage characteristic graphs of the 
organic solarbatteries of Examples 1 to 4 Were formed to have 
Wider inner areas than the graph of the organic solar cell of 
Comparative Example 1. 

In short, it can be seen that the organic solar batteries of 
Examples 1 to 4 had higher ef?ciencies (11) than the organic 
solar cell of Comparative Example 1. 

It can also be seen that the organic solar batteries of 
Examples 1 to 4 had high ef?ciencies (11) even When they 
Were compared With the organic solar cell of Comparative 
Example 2. 

Herein, the organic solar cell of Comparative Example 2 
had a 5 A-thick buffer layer, Which in reality is very dif?cult 
to form in a uniform thickness, to maximiZe the ef?ciency (11). 
Accordingly, When the buffer layer of Comparative Example 
2 has a feasible thickness (i.e., thicker than the thickness of 
Comparative Example 2), the ef?ciency of Comparative 
Example 2 cannot be practically acquired. 

MeanWhile, since the organic solar batteries of Examples 1 
to 4 had a remarkable ef?ciency improvement effect even 
though they have a 50 A-thick buffer layer, it can be under 
stood that the buffer layers can be formed in a thickness that 
can be uniform under the conditions that are not severely 
strict. 
When the organic solar batteries of Examples 1 to 4 Were 

compared With the organic solar batteries prepared according 
to Comparative Examples 3 to 5, it turned out that those of 
Examples 1 to 4 had excellent open voltage (V 06), short 
circuit current (I56), and ef?ciency (1]) characteristics. 

Also, the organic solar batteries of Examples 2, 3 and 4 
having less than 20 parts by Weight of NTCDA With respect to 
100 parts by Weight of the compound had higher ef?ciencies 
(11) than the organic solar battery of Example 1. 

EXAMPLE 5 

An organic solar cell Was prepared in the same method as 
in Example 3, except that the buffer layer Was formed to have 
a thickness of 20 A. 
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Voltage-current characteristics Were measured by radiating 
White light of 112 mW/cm2 onto the organic solar batteries 
prepared according to Example 5 and Comparative Examples 
1 and 2. The results are presented in FIG. 3. 

In the current-voltage characteristic graph of FIG. 3, the 
open voltage (V06), the short-circuit current density (J56), a ?ll 
factor (FF), e?iciency (11W) With respect to White light, and 
incident photon-to-current conversion e?iciency (IPCE) 
Were evaluated and are presented in Table 1. 

Ef?ciencies Were measured by radiating light having a 
Wavelength of 480 nm onto the organic solar batteries of 
Example 5 and Comparative Examples 1 and 2. The results 
are shoWn in Table 1. 

TABLE 1 

Voc Jsc FF 71W "480m" IPCE 
[V] [IHAJCIHZl [%l [%l [%l [%l 

Example 5 0.847 3.03 40.5 0.930 5.05 36.16 
Comparative 0.751 2.67 33.8 0.605 3.70 33.90 
Example 1 
Comparative 0.849 2.59 42.2 0.830 5.22 37.84 
Example 2 

It can be seen from FIG. 3 and Table 1 that the organic solar 
cell of Example 5 had excellent open voltage (V06), short 
circuit current density (J56), ?ll factor (FF), and e?iciency 
(11W) With respect to White light, and incident photon-to-cur 
rent conversion ef?ciency (IPCE), compared to the organic 
solar cell of Comparative Example 1. 
The organic solar cell of Example 5 had a similar open 

voltage characteristic to that of Comparative Example 2 and 
had a general-level ef?ciency (11W) to White light of 0.930, 
Which Was superior to the White light e?iciency of the organic 
solar cell of Comparative Example 2. 

Herein, the organic solar cell of Comparative Example 2 
had a buffer layer of 5 A. When it is considered that the 
thickness id very dif?cult to form uniformly in reality, the 
ef?ciency improvement effect in the organic solar cell of 
Example 5 is quite signi?cant. 

EXAMPLE 6 

An organic solar cell Was formed in the same method as in 
Example 5, except that the buffer layer Was formed in a 
thickness of 30 A. 

EXAMPLE 7 

An organic solar cell Was formed in the same method as in 
Example 5, except that the buffer layer Was formed in a 
thickness of 100 A. 

Voltage-current characteristics Were measured by radiating 
White light of 112 mW/cm2 onto the organic solar batteries 
prepared according to Examples 3, 6 and 7. The results are 
shoWn in FIG. 4. 

For comparison, the voltage-current characteristics of the 
organic solar batteries of Example 5 and Comparative 
Example 2 are presented together in FIG. 4. 
Open voltage (V 06), short-circuit current density (J56), ?ll 

factor (FF), e?iciency (11W) With respect to White light, and 
incident photon-to-current conversion e?iciency (IPCE) 
Were evaluated in the voltage-current characteristics shoWn in 
FIG. 4. The evaluation results are shoWn in Table 2. 

Ef?ciencies (11480”) of the organic solarbatteries prepared 
according to Examples 3, 6 and 7 Were measured by radiating 
light having a Wavelength of 480 nm. The results are pre 
sented in Table 2. 
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For comparison, ef?ciencies of the organic solar batteries 

of Examples 5 and Comparative Example 2 are presented 
together in Table 2. 

TABLE 2 

Voc Jsc FF 71W "480m" IPCE 
[V] [IHAJCIHZl [%l [%l [%l [%l 

Example 5 0.847 3.03 40.5 0.930 5.05 36.16 
Example 6 0.846 3.17 38.5 0.920 4.85 37.32 
Example 3 0.859 3.37 37.9 0.978 5.79 45.08 
Example 7 0.844 3.04 39.4 0.903 5.26 38.73 
Comparative 0.849 2.59 42.2 0.830 5.22 37.84 
Example 2 

It can be seen from Table 2 that the organic solar batteries 
of Examples 3, 5, 6 and 7 had excellent open voltage (V06), 
short-circuit current density (J56), ?ll factor (FF), and e?i 
ciency (11W) With respect to White light, regardless of the 
thickness of the buffer layer. 

In short, it Was con?rmed that the ef?ciency Was improved 
When the buffer layer Was formed thick as in the organic solar 
batteries of Examples 3 and 6, compared With Comparative 
Example 2. 

Particularly, the organic solar cell of Example 3 had much 
better characteristics than the organic solar cell of Compara 
tive Example 2. 

Although the present invention is described in the above 
based on an organic solar cell, Which is an example of a 
photovoltaic device, the present invention is not limited to the 
organic solar cell but it can be applied to diverse photovoltaic 
devices. 
The photovoltaic device of the present invention can have 

improved open voltage, short-circuit current density, ?ll fac 
tor, e?iciency, and incident photon-to-current conversion 
ef?ciency (IPCE) by including aromatic organic cations and 
anions and forming a dipole moment. 
The ef?ciency of the photovoltaic device can be even more 

improved by doping the buffer layer With an organic semi 
conductor material to thereby easily and stably transfer any of 
holes and electrons. 

Since the buffer layer has excellent electron conductivity 
When the buffer layer is formed thick, it can improve the 
characteristics of the photovoltaic device. Therefore, the 
buffer layer can prevent the characteristics of the photovoltaic 
device from being developed unevenly, Which is caused by a 
thin buffer layer, and improve the reliability of the photovol 
taic device. 

Also, since the buffer layer is formed under less strict 
process conditions, the fabrication process becomes easy. 

This effect is more distinctive When the buffer layer is 
applied to a large-area photovoltaic device. 

While this invention has been described in connection With 
What is presently considered to be practical exemplary 
embodiments, it is to be understood that the invention is not 
limited to the disclosed embodiments, but, on the contrary, is 
intended to cover various modi?cations and equivalent 
arrangements included Within the spirit and scope of the 
appended claims. 

What is claimed is: 
1. A photovoltaic device, comprising: 
a ?rst electrode; 
a second electrode arranged opposite to the ?rst electrode; 
a photoactive layer arranged betWeen the ?rst electrode and 

the second electrode, the photoactive layer generating 
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electrons and holes When absorbing light, the photoac 
tive layer comprising an electron donor material and an 
electron acceptor material; 

a buffer layer arranged betWeen the photoactive layer and 
the second electrode, the buffer layer comprising a com 
pound including an aromatic organic cation and an 
anion, the compound being in a quantity ranging from 
about 30 Wt % to 100 Wt % With respect to the entire 
Weight of the buffer layer; and 

Wherein the aromatic cation is expressed as Chemical For 
mula l : 

X2 0 Xl * 

Rb / 

RLZ 

Wherein X 1 and X2 are NRCRd, Where RC and Rd are the 
same or independently selected from the group consist 
ing of H and an alkyl group; 

Ra is one selected from the group consisting of H, an alkyl 
group, a substituted aryl group, and an unsubstituted aryl 
group; and 

(Z) 

(4) 

NC : NC 
NC NC 

(6) 
CN 

CN 

NC 

CN 

5 
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Rb is one selected from the group consisting of H and an 

alkyl group. 
2. The photovoltaic device of claim 1, Wherein the buffer 

layer further comprises an organic semiconductor material. 
3. The photovoltaic device of claim 1, Wherein the com 

pound is doped With the organic semiconductor material. 
4. The photovoltaic device of claim 2, Wherein 100 parts by 

Weight of the compound is doped With less than 20 parts by 
Weight of the organic semiconductor material. 

5. The photovoltaic device of claim 1, Wherein the buffer 
layer comprises the compound in a quantity ranging from 50 
Wt % to 100 Wt % With respect to the entire Weight of the 
buffer layer. 

6. The photovoltaic device of claim 1, Wherein the aromatic 
organic cation is selected from the group consisting of pyro 
nine B, pyronineY, rhodamine 4G, rhodamine 6G, rhodamine 
3G0, rhodamine B, ethyl rhodamine B, and butyl rhodamine 
B. 

7. The photovoltaic device of claim 1, Wherein the anion of 
the compound is one selected from the group consisting of 
Cliand NO3i. 

8. The photovoltaic device of claim 2, Wherein the organic 
semiconductor material is an n-type organic semiconductor 
material. 

9. The photovoltaic device of claim 8, Wherein the organic 
semiconductor material is one selected from the group con 
sisting of fullerene (C60) and materials expressed as Chemi 
cal Formulas 2 to 31: 

(3) 

(5) 

(7) 
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-continued 
(3) (9) 

(10) (11) 

(12) (13) 
0 0 0 0 

H—N N—H R7— 5 N—R8 
0 0 0 0 

(14) (15) 
0 0 0 0 

O 0 R9— WNRN 
0 0 0 0 

(16) (17) 
0 0 

N N '_ 

/ \l 
N N 

‘P 

(18) (19) 
NC 8 CN 
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-continued 

(20) (21) 
C1 Cl 

0 O O O 
R13_N N_Rl4 

O 0 

C1 C1 

(22) (23) 

(26) 

(27) 

O 
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-continued 
(30) (31) 

R25 

O O 

S 

Where Rl to R4, R23, and R24 are the same or independently 11. The photovoltaic device of claim 9, Wherein a thickness 
?uoroalkyl groups; of the buffer layer ranges from 20 Ato 100 A. 

R5 to R22’ R25’ and R26 are the Same or independently 12. The photovoltaic device of claim 1, Wherein the ?rst 
?uoroalkyl groups; and 

. . 20 electrode is a transparent electrode and the second electrode 
n, m, 1, p, q, u, v, and y independently denote polymenZa- _ 1 1 d 

tion degrees, and ranges from 1 to 100. IS a meta e ectro e‘ 

10. The photovoltaic device of claim 1, Wherein the buffer 
layer is equal to or thicker than 10 A. * * * * * 


